INTRODUCTION
Incidence of testicular cancer greatly increased over the last decades in the Western world. Its epidemiology indicates a role for exposure to hormonal factors, as well as endocrine disruptors. Evidence suggests that men with Down syndrome experience a higher frequency of testicular cancer than that in the general population, which warrants increased surveillance (1) . Occurrence in other causes of intellectual disability (ID) is less known. One common feature includes that cancer is often diagnosed at an advanced stage in these patients (2, 3) . Delay in diagnosis and consequently in treatment may be explained by poor communication between patient, caretakers and medical team (4), familial or institutional context, including conditions of medical follow-up, or more often, by a combination of all these different factors. All these situations bear in common a misapprehension of cancer in people with intellectual disability.
Late diagnosis in such patients result in further suffering for themselves, their families, as well as an increased burden for the medical team, because of the treatment required to provide them with the best chances for recovery. Adequate oncologic management is necessary to increase survival, bearing in mind that cancer in general may be as common among the intellectually disabled as in the general population (5, 6) , but with a particular tumor type distribution (7) . We would like to draw attention to the frequency of testicular cancer among the intellectually-disabled and underline the need for particular care in routine examination of the external genitalia in such patients. Our argumentation is based on the published epidemiologic and clinical data.
EPIDEMIOLOGIC STUDIES OF TESTICULAR CANCER
Several studies indicate an increased risk of testicular cancer in men with intellectual disability. All five epidemiologic studies we have so far identified suggest an increased risk of testicular cancer.
The issue was first addressed in a study conducted by the Irish Testicular Tumour Registry on all cases of testis cancer registered over the 1980-1985 period for a total of 240 cases. In this study, six patients were with intellectual disability, indicating a four-fold increased global risk (p < .05) of developing testicular cancer for these men. The risk was increased 9-fold in patients with trisomy 21 (two cases in this study; ρ < .05) and by 4.5 in moderate to severe disabilities (four cases; ρ < .05). It should be noted that no case was described for mild ID and some other conditions, thereby explaining why the overall risk is not in between the two specific risks presented above (8) .
A more recent Finnish study was carried out on all cancer cases occurring in persons with ID both men and women by linkage of the data from the Population Register Centre of Finland with the Finnish cancer registry, following the identification of subjects with intellectual disability through a large population survey carried out on 9.4% of the entire population of Finland in 1962. Out of a total of 2,173 subjects, which included 1,090 men, still alive in 1967 and followed-up on until the end of 1997, revealed three testicular cancer cases, which correspond to a similar 4-fold increased risk (standardized incidence ratio (SIR) at 4.4, 95 % Confidence Interval (CI): 0.8-10.8). In this study, the risk was higher for patients with severe disabilities (SIR: 9.9, CI: 1.2-35.6) as compared to those with slight or moderate disabilities (SIR: 2.1, CI: 0.1-11.6) (5). A third study from a cancer register in Australia reported (6) seven testicular cancer cases over a followup period of 20 years (1982-2001) among 9,409 persons registered with the Disability Services Commission of Western Australia, including 5,490 men with ID. The risk was slightly increased with a SIR at 1.43 (0.58-2.95) compared to the general population (6) .
An early British case-referent study of testicular cancer carried out between 1977 and 1981, reported 10 testicular cancer cases in persons with ID (3.9 % of the cases), including two patients with trisomy 21 (0.8% of cases), out of a total of 259 cases (10) . The risk was not estimated for the intellectually disabled men, but the reported figures are in favor of an increased risk of testicular cancer in this population.
The most recently published study (11) is a large population based cohort study of children with birth defects conducted in Norway and Sweden. The linkage of the national birth and cancer registries identified respectively 32 cases in Norway and 27 in Sweden yielding SIRs of 1.5 (1.0-2.1) and 1.9 (1.3-2.8). Specific results were given for the Down syndrome population. In Norway, five cases were observed for a SIR of 5.5 (1.8-13); in Sweden two cases were observed, but the SIR (which was stated to be not statistical significant) was not presented (11) .
All these publications indicate an increased risk of testicular cancer in men with ID in general and not just restricted to patients with trisomy 21. Further epidemiologic studies are required to better estimate the risk globally, as well as for subgroups by type, origin, and severity of intellectual deficiency, and to identify potentially specific risk factors in this population.
SYNDROMES ASSOCIATED WITH AN EXCESS RISK OF TESTICULAR CANCER Down syndrome
Following the first publication of a case of testicular cancer in a patient with trisomy 21 (12) , all studies have reported a higher frequency of germ-cell tumors in this population. The risk was estimated between 1.86 (13) and 50 (14, 15) . Registry focused studies, which are of greater validity than other types of reports, gave results around 1.5 to 5 for the overall risk of testicular cancer, without specification of histological type. So far, we have collected 107 published cases and have found: 1) a higher proportion of seminomas (80% as compared with 40% in the general population), 2) a higher frequency of bilateral cases (8% as compared with 4% in the general population) and that 3) diagnosis is made at an earlier mean age (32 years as compared with 37 years in the general population) (1). Two rare cases of seminoma have also been reported before puberty (16) . Among men with Down syndrome, tumors are more often discovered at an advanced stage (40% at stage 2 or beyond as compared with 10% in the general population), and even more so for tumors developing on ectopic intraabdominal testis (17) . A recent British study reported a higher frequency of disease recurrence following conventional therapy or modified treatment in order to adapt to cardiovascular, respiratory and kidney comorbidities frequent in these patients (18) . Down syndrome is undoubtedly associated with an increased risk of testicular cancer, but that association, by itself, cannot explain the global higher risk of testicular cancer for the whole population of the intellectually disabled. Other affections and syndromes also contribute to this increased risk.
WAGR syndrome and aniridia
A constitutional, interstitial deletion on the short arm of chromosome 11 (llpl3) leads to the WAGR syndrome (Wilms' tumor, aniridia, genitourinary malformations and mental retardation) whether with a complete or partial expression. At least five young boys with this condition have developed gonadoblastoma (19) (20) (21) (22) . These tumors occurred earlier in life than usual, diagnosed between the ages of 20 to 36 months in four children. This finding is important if one bears in mind that for about one patient out of two, the gonadoblastoma will eventually evolve into a malignant germ cell tumor, notably seminoma (23) . Finally, an infant with ID and aniridia developed a paratesticular rhabdomyosarcoma and a myeloid leukemia at the age of 17 months, and eventually a Wilms' tumor and a neuroblastoma discovered at autopsy at 24 months of age (24) .
Proteus syndrome
Proteus syndrome is a rare affection of unknown etiology, where affected subjects develop numerous asymmetric and outsized tissue outgrowths as well as various tumors. Intellectual disability was observed in 30% of these subjects (25) . In this condition, four patients developed cancer of the testis and its adnexa and a fifth subject experienced an intrascrotal extension of an abdominal tumor (26) . In two children with mild ID, a para-testicular papillary adenoma was diagnosed at the age of 14 years in one of them (27, case 1), while the other child developed a well-differentiated malignant papillary mesothelioma of the tunica vaginalis at the age of 4 1/2 years (28).
Cowden syndrome
Patients with Cowden syndrome, or multiple hamartomas syndrome, have an increased risk of developing cancers of the breast, thyroid, endometrium, and skin. About 12% of them also expressed intellectual deficiency (29) . This syndrome is often associated with testis lipomatosis, which rarely leads to deformity of the testis and easily identifiable on ultrasound scans (30, 31) . It is a benign multifocal lesion, readily distinguishable from microlithiases on ultrasound scan. It usually appears around the age of 20 years, but its significance is not well apprehended. It is currently admitted that no particular treatment is recommended, so that further invasive exploration procedures should be avoided, when such typical ultrasound images are identified.
Other genetic conditions
Various histological types of tumors of the testis and its adnexa have been reported during childhood and adulthood in patients with rare to very rare genetic syndromes, which are often associated with intellectual disability. Examples include Smith-Lemli-Opitz syndrome (32), Rubinstein-Taybi syndrome (33, 34) , Prader-Willi syndrome (35, 36) , Sotos syndrome (37), Primerose syndrome (38) , and Simpson-Golabi-Behmel syndrome (39) . This can also be the case for the severe form of a syndrome predisposing to an excess risk of cancer and associated with ID, such as Gardner syndrome (40) . Sometimes the genetic syndrome was not specifically mentioned (14, 41) .
Conversely, in other genetic conditions associated with ID, testicular cancer seemed to be less common than in the general population. For instance, only two germ cell testicular tumors have been reported in men with the fragile-X syndrome in spite of the high frequency of this genetic condition (42, Ruvalca cited by 43). Similarly, only three intra-scrotal tumors have been reported in patients with tuberous sclerosis (44-46). In the case of Noonan syndrome, which is even more frequent, only two tumors have been reported, including one person with a normal intellect (47,48). In addition, two epidemiologic studies have reported a decreased risk of testicular cancer for males with Klinefelter syndrome (49,50). This has also been seen for Leydig cell tumors (51), which rarely occur in association with intellectual deficiency. Finally, only one testicular tumor was reported in an intellectuallydeficient patient with neurofibromatosis (52).
DISCUSSION
Testicular cancer is rare in the general population, accounting for 1% of all malignant tumors, but affecting mainly young adults between the ages of 15 to 35 years. The world age standardized incidence rate is between 0.1 and 10.3 new cases per 100,000 male years (53). The epidemiologic studies we summarized in our paper all indicated a higher risk for males with intellectual disability as compared to the general population. Yet a wide variation exists depending on the syndrome considered. The risk may even be lower than the general population for some conditions. Furthermore, we have no specific data concerning the frequency of testicular cancer in patients with non-genetically linked intellectual disability. The review of published articles revealed a different distribution of histological types as compared to the general population, where germ cell tumors (seminoma, embryonic carcinoma, teratoma, teratocarcinoma, yolk sac tumors, and choriocarcinoma) represented over 95% of all testicular cancers (54). Regarding intellectually-deficient patients, We have reported a number of cases of non germ-cell tumors, such as gonadoblastoma (WAGR syndrome and aniridia, Smith-Lemli-Opitz syndrome), stromal tumors (Rubinstein-Taybi syndrome), and para-testicular tumors (Proteus syndrome, tuberous sclerosis, aniridia). Finally, it should be noted that many patients developed their tumor early in life, including during childhood.
The etiology of testicular cancer is still not fully known. The best established risk factor, known since the beginning of the 19th century (55) is cryptorchidism, which can be defined as the presence of a testis above the external inguinal ring or even within the abdominal cavity, not palpable in a non-anesthetized patient. This condition is associated with a 5 to 10-fold increased risk, but it only accounts for 10% of all testicular cancer cases (56) . We also have increasing evidence that an excess risk of-testicular cancer could be related to in utero exposure to maternal estrogens, hypofertility, raised blood FSH levels, and consumption of foods, such as dairy products and meat, coming from animal treated with growth promoters and other stimulating products having a hormonal effect (56, 57) .
In some syndromes associated with intellectual deficiency, the genetic defect may represent an oncogenic risk for the male gonad. For instance, in Down syndrome, the ectopic testes, high blood levels of gonadostimulins, hyperexpression of triplicate genes in the testis, immaturity of the germ cell line are factors contributive to carcinogenesis (15, 58) . Alterations on the WT1 gene in the WAGR syndrome lead to the development of embryonic tumors such as gonadoblastoma (22) . In Rubinstein-Taybi syndrome, the abnormalities on the CBP gene are linked to neoplastic transformation in several organs (34) . Proteus syndrome is linked with an increased risk of mesothelial tumors, including paratesticular tumors (25) .
More generally, a large number of genetic defects are associated with cryptorchidism, but this condition is also observed in non-genetically related intellectual impairment, and in particular, cerebral palsy, resulting from perinatal insult, or epilepsy (59) . The relation between intellectual disability and cryptorchidism is well established. In a study, 41% of patients, and in particular those suffering from severe cerebral damage, had a misplaced testis (59, 60) . Moreover, testicular atrophy, which is more often observed in intellectuallyimpaired males (61) , is regarded as a risk factor for testicular cancer. Finally, other factors could also account for the excess risk of germ cell testicular cancer in intellectually-disabled men. These include excess weight, insufficient physical activity, and a diet rich in dairy products and meat but poor in fruits and vegetables, as well as premature birth (56) .
In males with Down syndrome, the diagnosis of testicular cancer is often delayed compared with the general population. The tumors are larger and more often diagnosed at an advanced stage (1), although this is not always the case (18) . In intellectually disabled patients, tumors at a regional and/or metastatic stage, have been diagnosed for example in patients with Noonan syndrome (47), neurofibromatosis (52), Klinefelter syndrome (62) , Primerose syndrome (38) , and Prader Willi syndrome (35) .
Testicular cancers are often revealed as a painless nodule, a feeling of heaviness, a swelling of the scrotum, or a pain in the scrotum, the inguinal or abdominal regions. Intellectually-disabled patients, and especially those with severe forms of deficiency for whom the risk of cancer seems to be higher (5) have a lot of difficulty in describing pain or physical symptoms (4, 7, 63) . Such patients may also be reluctant to reveal their tumor through ignorance, ill-at-easiness, fear of cancer or emasculation (64) .
For all these different reasons, it seems sensible to consider the group of intellectually-disabled males as a whole, as having an increased risk of testicular cancer. Therefore, the medical follow-up of males with ID should include a systematic examination of the external genitalia and in case of doubt, a complementary ultrasound scan of the testes.
In practice, any abnormal testicular nodule should be considered potentially malignant (64) . Some authors recommend routine self-examination of the testes, although no study has ever demonstrated its benefit. When this is not feasible, a regular examination of the testes should be performed by a medical professional, provided that the trust of the patient is obtained, with regard paid to his intimacy and using a rigorouslycodified procedure.
The frequent occurrence of cryptorchidism in intellectually-disabled patients (59) represents a further hindrance to the early detection of testicular tumors. It is thus recommended to descend the testes into the scrotum to allow for a proper clinical examination (55). An early diagnosis aims at reducing morbidity and mortality outcomes, since tumors discovered at an advanced stage will normally require heavier chemotherapeutic procedures, with side effects that must be taken into account. (64) .
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